duction appeared to be depressed when the lower protein diets were offered. This was particularly evident in parity III, for the 8.5/20% group, when hormone therapy was necessary to stimulate milk flow to prevent neonatal pig starvation. Impared milk production resulted in both a lower number of pigs weaned and survival percentage to weaning from this treatment group. Litter and pig gains, during the first 2-weeks of lactation, were also greater when the 14/15% sequence was fed; while during the latter 14 days they were similar for all sow treatment groups. These results suggest that gestation dietary protein restriction can impede not only initial milk secretion which can affect neonatal pig survival but subsequent milk production and progeny gains. In parities II and III, both the number of pigs weaned and weaning weights were greater than in parity I, suggesting an increased milk production per nursing pig from older sows. (Key Words: Protein, Reproduction, Swine.)
I NTRODUCTION
Although a fortified corn diet has been found to be limiting in lysine and tryptophan during pregnancy (AUee and Baker, 1970) , gravid swine fed such a restrictive regimen will respond to greater concentrations of dietary protein during lactation (Mahan and Grifo, 1975) . Baker et al. (1970a Baker et al. ( , 1974 demonstrated an increased protein need during the last trimester, when fetal tissue has its greatest development, with improved lactation performance. It has been suggested by Mahan and Mangan (1975) , that by increasing the dietary protein during gestation, sow tissue can be utilized during lactation to provide a beneficial postpartum response. Consequently the protein level fed during pregnancy is of utmost importance in evaluating lactation performance. 1061 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 5 (1977) MAHAN Greater nutritional demands may be expected with first-litter gilts since body size is not completely attained. Older sows do not need as much protein for muscle formation, but would have a higher maintenance requirement. It is generally recognized that both litter size and milk production increase with successive parities necessitating the probable need for higher levels of dietary protein. Mahan et al. (1971) demonstrated that second-litter sows nursing nine or 10 pigs responded to an 18% protein corn-soybean meal lactation diet. The need for dietary protein, particularly during lactation with older, heavier sows which are at a higher production capacity, may not only differ from gilts, but the previous protein regimens that these animals have been fed, may also affect later reproductive performance.
The available sow research work dealing with dietary protein levels during reproduction have principally dealt with first-litter gilts. Longterm reproductive studies involving corn-soybean meal diets using various dietary protein sequences have not been conducted. The experiment reported herein evaluates the efficacy of three sow dietary protein sequences on reproductive performance over three parities.
EXPERIMENTAL PROCEDURES
Crossbred gilts approximately 8 months of age were randomly allotted and placed on one of three dietary protein gestation/lactation (G/L) treatments. Gestation rations were individually fed daily at 1.82 kg during each prebreeding period and throughout each of three pregnancies.
The experiment was conducted at two locations: 1) the Western Branch Station (South Charleston) and 2) the Central Research Center (Wooster). The experiment began at location 2 approximately 1 month prior to that of location 1.
Two dietary G/L treatments contained protein sequence levels of 14/15%, or 8.5/20% for each of the production phases, respectively. A third sow group was fed an 8.5% protein diet during the first 75 days post-coitum followed by a 14% diet until farrowing, whereupon a 16% protein lactation diet was fed. The 8.5% protein diet was a vitamin and mineral fortified corn diet while all others had varying ratios of corn and soybean meal to achieve the desired protein level. The percentage composition of all experimental diets is reported in table 1.
Samples of each feed mixture were collected (approximately every 3 weeks) and analyzed for crude protein by the kjeldahl method. The average values are reported in the lower portion of table 1 for each diet within each parity. Animal management, breeding and feeding practices followed throughout the experiment were similar, except as noted, to those previously reported (Mahan and Grifo, 1975) . During the first 48 hr of parturition, pig transfer was permitted within, but not between, sow treatment groups in order to better evaluate the percentage of total pigs completing the lactation period for each sow treatment group. Sow and pig weights were determined at parturition, 2-and 4-weeks postpartum and feed intake consumptions at 2-and 4-weeks. Creep feed was not provided during the experimental period.
Following weaning (28-days postpartum), dams were transferred back to their respective gestation pen and fed their treatment diet for a total of three parities unless conditions warranted removal of the animal. Sows were generally bred on the second or third estrus post-weaning.
In parity II a suspected viral infection resulted in a high incidence of mummified and stillborn pigs from the sows at location 2. Individual sow gestation and parturition performances were evaluated, but pigs were transferred to other sows, within their respective treatment group, shortly after farrowing to achieve a more conventional number of pigs per litter. There did not appear to be a dietary treatment effect on the severity of this problem.
The data were analyzed by the least squares method of Harvey (1960) for unequal subclass numbers. Dietary treatment, parity, location effects and their interactions were statistically evaluated. Although location effects were often times significant, the data reported herein were pooled with appropriate differences noted.
RESULTS AND DISCUSSION
Sow Performance. The effects of the three dietary protein sequences on various sow parameters for each reproductive cycle are presented in table 2, with the main effects of both treatment and parity in table 3.
The percentage of sows farrowing was not influenced by dietary protein level, nor was there any adverse treatment by parity interac-
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O e'~ ,,...4 ,,~eq , 1968; Baker et al., 1970a Baker et al., , 1974 llesby et al., 1970a . In parity II, sows on all treatments at location 1 were infected equally with transmissible gastroenteritis (TGE) immediately prior to an.d during the initial 2 weeks of the 30-day breeding cycle. Although the data in table 2 do not differentiate location effects, there was no apparent influence of dietary treatment, although both number and percentage of sows farrowing were lower for all groups.
Sow weights and subsequent gestation gains in each of the three parities were influenced by the dietary regimen. Pregnancy gains and resulting weights at 109 days post-coitum were less when the two lower gestation protein levels were fed for the first parity as compared to when the 14% diet was offered, llowever, the proximate analysis of each diet mixture (table 1) demonstrated that a lower than calculated crude protein level was fed in the gestation diets of parity I due to an unusually low corn protein concentration. This probably resulted in the lower gestation gains of parity I, particularly from those diets fed which contained the higher percentage of corn. Others (Hesby et al., 1970a (Hesby et al., ,b, 1972 Hawton and Meade, 1971; Mahan and Grifo, 1975) have also reported reduced pregnancy gains when gilts were fed corn as compared with higher protein diets.
In subsequent parities the corn diet again resulted in gestation gains inferior to the other two groups even though the protein level fed during the previous lactation was high. When the 14% protein diet was fed during the last 30 days of pregnancy, gains were similar to the sow group fed 14% protein throughout gestation. These results confirm those of the above workers in that weight gains of first-litter gilts fed a corn gestation diet were lower during pregnancy and further demonstrated that the trend continued in subsequent parities.
Although postpartum sow weight changes were positive for each measurement period, weight gains appeared to be influenced by the dietary protein treatment. Lactation weight gains were greater from those darns fed the 8.5/20% protein diet sequence and similar for the other two sow groups.
Feed consumption was greater for the sow group fed the 14/15% protein diet sequence for each parity, at each measurement period, as compared to the other two sow groups. Lactation feed intakes increased from the initial to the second 2-week period. This was attributed largely to the feed intake adjustment during the first 5-days postpartum and the probable increased need for milk production during the latter period. Lactation feed intakes were higher for parities II and III (table 3) as compared to the first reproductive cycle.
Although lactation feed intakes were lower for sows fed the 8.5/20% protein diets, as compared to the 14/15% protein group, sow postpartum weight gains were greater when the 8.5/20% sequence was fed. It is possible that a greater proportion of the dietary protein fed during lactation was used to replenish the sow body tissues depleted during pregnancy for fetal development.
Pig and Litter Parturition Data. The effect of sow dietary protein sequence on the resulting progeny birth data for each treatment and parity is reported in table 4 with the main effects in table 5.
There was a slight tendency, although nonsignificant, for pig numbers (live and stillborn) at birth to be slightly lower for each parity when the lower gestation protein treatments were fed as compared to those sows fed the 14% diet. Generally, litter size has not been found to be adversely affected from feeding a protein-free or low-protein gestation diet (Clawson et al., 1963; Holden et al., 1968; Pond et al., 1968 Pond et al., , 1969 Baker et al., 1970a,b; Hesby, 1970a Hesby, ,1972 Hawton and Meade, 1971; DeGeeter et al., 1972; Young et al., 1976; Hammell et al., 1976) .
Both litter and pig birth weights were generally larger when the 14/15% protein diet sequence was fed (table 5) . Other workers have demonstrated variable findings. Pond et al. (1968) and Antinmo et al. (1974) reported that neonatal pig weights were lighter when gilts were fed a non-protein diet throughout pregnancy, but when protein was provided in the first trimester pig birth weights were similar to those of the positive control animals, l lammell et al. (1976) reported reduced birth weights when a 2% protein diet was fed to first-litter gilts throughout pregnancy while DeGeeter et al. (1972) reported similar pig weights when either a 2% or 17% protein gestation diet was fed. Other workers (Baker et al., 1970a,b; Hesby et al., 1970a Hesby et al., , 1972 reported that pig birth weights were unaffected when gilts were fed a corn gestation diet similar to the one fed in this experiment.
Pig numbers born per litter increased as (table 5) . The increase in the mummified and stillborn pigs of parity II reflected the viral condition previously discussed 9 Litter weights, rather than individual pig weights, increased as parity increased reflecting the number of pigs born.
Progeny Performance during Lactation. The effect of sow dietary treatments on subsequent milk production as reflected by litter and pig weights and gains is presented in table 6 with the main effects of treatment and parity in table 7.
The number of pigs weaned and percentage surviving to weaning was not influenced by sow treatments for the first two parities. However, there was a reduction in both the number weaned and the percentage survival from those sows fed the 8.5/20% protein sequence during parity 11I. In this particular treatment group both mammary development and initial milk flow appeared to be greatly hampered following parturition 9 This condition necessitated the stimulation of both milk let-down and production by hormone (oxytocin) injection to the sow. At location 2, where animals farrowed approximately 1 month earlier than at the other site, neonatal pig mortality was high (49%) within a few days of birth, due to starvation before appropriate sow therapy was initiated 9 High mortality continued until an adequate quantity of the lacation diet had been ingested by these sows to provide protein for increasing milk secretion.
At location 1, the agalactia condition was anticipated and observed except that hormone therapy was provided immediately upon positive recognition of the problem. Thus, pig mortality was lower at this location and similar E ~~ ~o~ for all treatment groups in parity Ill. The agalactia condition was consistent among all sows on this treatment at both locations. Hormone therapy was not necessary in the other two sow treatment groups nor was there a noticeable disease condition apparent with any of the sows.
Within a week of parturition both feed intake and milk production increased with the sow group fed the 8.5/20% sequence, and no additional lactation problems persisted. Others (Frobish et al., 1966; Baker et al., 1970a; Young et al., 1976) have also reported fewer pigs weaned from sows fed a low-protein gestation diet, but whether or not this was due to inadequate milk production following parturition was not reported.
Since neonatal pig weights were greater (table 4 and 5) for the sows fed the 14/15% protein sequence, and pig survival data suggested evidence that milk production may not have been optimum for the lower protein diets, it is probable that at least some of this birth weight differential may consequently be attributed to differences in the quantity of colostral milk consumed. Although attempts were made to weight the pigs shortly after birth, most litters were not weighed for a period of 12 hr because of late evening and early morning parturition.
Litter and pig weights and gains were also higher at 14-days postpartum from the 14/15% protein sow groups at each parity. Pig gains from the sows fed the two lower protein levels were similar, to each other, for the initial 2 weeks of lactation, except for parity III, in which case the 8.5/20% group was lower. Both pig weights and gains, however, differed only for the first and not the latter 2-week period. These lactation performance data suggest that dietary protein restriction during pregnancy can severely impede initial milk production perhaps up to 2-weeks postpartum. Since the pig gains from the 8.5 to 14/16% sow groups were also lower than the positive control group in parities I and II during the initial 2-week period and similar to the 8.5/20% group, it is probable that milk production was also lower in these parities for both lower protein sow groups.
Once a greater dietary intake of protein was consumed by the sow, milk production appeared to be adequately stimulated, as reflected by the similar pig gains during the latter 2-week period. Therefore, milk production during the latter period can be expected to be similar, if an adequate quantity and quality of dietary protein is consumed for milk production. From the data of Pond et al. (1968) when a control diet was fed to lactating dams fed low to high dietary protein levels, the pig gains from 3-to 6-weeks appeared to be more similar than the initial 0-to 3-week gains which support the findings of this experiment.
Litter and pig gains during lactation were lower during the first parity as compared to parities II and III reflecting both a higher total number of pigs and a larger milk production per nursing pig from older sows (table 7) .
The results of this experiment and others, indicate that gestation protein level can have an influence on postpartum milk production, particularly during the initial days following parturition. There does appear to be a residual protein reservoir which can be utilized for initial milk production, particularly when a restricted protein gestation diet is fed. There can result a prolonged carry-over of these reservoirs, when the lactation protein level is lower than necessary for maximum milk production, but later postpartum performance appears to be more dependent upon the lactation diet. Milk production is, therefore, not solely dependent upon the dietary protein level provided during lactation but also upon the entire protein nutritional regimen of the sow during her reproductive life. The effect of dietary protein restriction on later reproductive performance, as evidenced by the results of this experiment, can be a reduced or cessation of milk production. Conception rate and number of pigs born per litter are not affected.
